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Current-sense amplifier precisely measures low side 

John Ursoleo, Silicon Mountain Design, Colorado Springs, CO 



SEVERAL INTEGRATED HIGH-side CUT- j 
rent-sense amplifiers, such 
as the MAX4172 (Maxim In- 
tegrated Products, maxim-ic.com), make 
it easy to measure the current from a 
positive power supply. With a couple of 
resistors, these devices provide a ground - 
referenced voltage output that is pro- 
portional to the delivered current (Fig- 
ure la). 

Unfortunately, no equivalent devices 
implement a true low-side current sense 
for negative supplies. You can use the 
high-side devices to measure current 
from negative supplies, but this approach 
has drawbacks. The sense resistor must 
be in the load's ground lead, which ef- 
fectively floats the load off ground by the 
sense resistor voltage, and the output 
voltage, V „, is referred to the negative 
supply and not to ground (Figure lb). 
Both of these characteristics are unde- 
sirable. 

The circuit in Figure 2 implements a 
true low-side, precision current-sense 
amplifier that provides a ground-refer 
enced voltage proportional to the 
negative supply current and that 



POSITIVE SUPPLY 




VouT=k! 



(a) NOTE: h IS A CONSTANT. 




NEGATIVE SUPPLY 



tl>) NOTE: LOAD IS NOT GROUNDED, ANDV 0UT IS REFERRED TO THE NEGATIVE SUPPLY. 

High-side current-sense amplifier ICs, such as the MAX4172, make it easy to measure positive- 
power-supply current (a). Although you can also use these devices to measure current from nega- 
tive supplies (b), the resultant circuit has undesirable characteristics. 
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does not float the load off ground. This 
circuit is similar to the circuit in the 
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MAX4172 but is reconfigured for 
a negative supply. When current 
flows through the load, a propor- 
tional voltage, V SENSE , develops 
across the current-sense resistor 

balanced, the op amp raises its 
output until V SENS£ also appears 
across R y The current through R ( 
equals Vj^^/Rp which is identical 
to the current through R 2 , which 
scales V 

is then as follows 



]r . The equation for V QUT 



NEGATIVE 
SUPPLY 
-3 TO -44V) — 



A true low-side, precision current-sense amplifier pro- 
vides a ground-referenced voltage that is proportional 
to the negative supply current and does not float the 
load off ground. 
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To minimize the effects of the op amp s 
offset voltage, the voltage developed 
across the sense resistor should be larger 
than this offset value. The circuit in Fig- 
ure 2 develops a to — 5V output for load 
currents of to 3A and is accurate to 
about 1%. 

You must adhere to the following com- 
ponent restrictions: The op amp needs to 



have an input common-mode range that 
includes the negative rail. The op-amp 
output needs to be a rail-to-rail type. Q ( 
should have a high beta at low currents 
to minimize errors due to base current. 
Keep R, small so that op-amp bias cur- 
rents are insignificant. For greater accu- 
racy, you can replace Q, with an en- 
hancement-mode n-channel MOSFET 



to eliminate base-current errors; howev- 
er, operation as low as 3V is then unlike- 
ly. You can also replace the op amp with 
a lower offset device at the expense of 
high-voltage operation to —44V. (DI 
#2410) 
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Connect a modem to a Basic Stamp 



Ken Gracey, Parallax Inc, Rocklin, CA 



The 2400-BPS modem in Figure 1 1 
makes it easy to connect a Ba- 
sic Stamp (Parallax Inc, www. [ 
parallaxinc.com) to a telephone modem. 
Using this circuit, you can call home via 
your PC and find out if the house is still 
there. The Basic Stamp2, BS2-IC, has the 
necessary programming space, and a 64- 
kbyte StampMEM memory-storage 
board enhances site data collection. 

In the setup configuration of Figure 1, 
the Basic Stamp can read data from sen- 
sors and store the result on the Stamp- 
MEM board. When the modem receives 
a call, the Basic Stamp reads the Stamp- 
MEM board and transfers the stored data 
directly to the modem, which in turn 
sends it to the remote PC or Basic Stamp 
terminal that has a modem interface and 
standard communication software. 

Simple software code performs data 
movement to and from the modem. The 
software collects sensor data and places 
the modem in an auto-answer mode for 
a short time and loops back to collect 
more data. When a remote terminal 
sends a phone call, the looping stops, and 
the Basic Stamp answers the phone call 
by requesting the terminal to type "start." 
After receiving the typed input from the 
remote terminal, the Basic Stamp reads 
the StampMEM data-storage board and 
transfers the entire stored data to the re- 
mote terminal. (You can download the 
program from EON'S Web site, www. 
ednmag.com. Click on "Search Databas- 



ure 1 



REMOTE PC OR BASIC 
STAMP TERMINAL WITH 
A MODEM 

_l 



STAMPMEM 
(OPTIONAL) 




5V GND 



The 2400-bps modem allows you to connect a modem to a Basic Stamp. 



es" and then enter the Software Center to 
download the file for Design Idea #241 1.) 

After data transfer is complete, the Ba- 
sic Stamp hangs up the phone call, re- 
turns to collecting sensor data, and awaits 
another phone call. The software com- 
munications between the Basic Stamp, 
modem, and memory data storage are 
through the "serin" and "serout" com- 
mands. This approach allows the Basic 
Stamp to use just a few I/O pins, leaving 
at least 1 1 pins for the sensors' data in- 
put. The program includes no sensor in- 
puts; doing so would complicate the soft- 



ware. The StampMEM memory data 
storage is unnecessary if you intend to re- 
tain the data within the available mem- 
ory on the Basic Stamp. You can easily 
connect many data-storage devices and 
EEPROM chips to the circuit. Sensor and 
data-storage-device software codes are 
available for free on the Parallax Web site. 
(DI #2411) 
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Bias supply provides short-circuit protection 

Dave Kim, Linear Technology Corp, Milpitas, CA 



Most power-supply designs re- 
quire protection from a short-cir- 
cuit fault condition. One of the 
methods of short-circuit protection is cy- 
cling, or the "hiccup-mode" method. 
This method is an effective way of con- 
trolling a short-circuit fault condition 
while minimizing power loss in the cir- 
cuit. Figure 1 shows a trickle-charged 
bias supply that uses an LT1431 pro- 
grammable reference, IC,, to start an 
LT1680 high-power dc/dc step-up con- 
troller, IC 7 , which operates here in a for- 
ward-converter topology. This circuit is 
useful for applications with wide input- 



voltage ranges, such as telecommunica- 
tion applications with input ranges of 18 
to 72V. 

IC.'s undervoltage-lockout (UVLO) 
hysteresis, which you can adjust using the 
R,/R 2 voltage divider at the RUN/SHDN 
pin, sets the short-circuit cycling. An 
overwinding, L,, on L 2 's output inductor 
provides a V cc of 1 2 V. When a short-cir- 
cuit fault at the output drags V cc down to 
IC 2 's UVLO threshold, IC 2 shuts down, 
and a constant bias current starts to 
charge the bias supply capacitor. IC, con- 
trols the scaled current mirror that gen- 
erates a constant current and continual- 



ly adjusts itself to keep the input of the 
current mirror at 3 mA. When this con- 
stant current charges the bias capacitor 
to the level of IC 2 's turn-on threshold 
(approximately 12V), IC, wakes up. You 
can calculate the turn-on delay using the 
following equation: 

TTURN -ON DELAY = 
Cbias xV turn -ON THRESHOLD 
^CHARGE 

With a constant charging current of 3 
mA, the turn-on delay for the circuit is 



Figure I 
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A programmable reference, IC,, and a bias-capacitor network control the on/off cycling of IC/s step-up controller during a short-circuit fault condition. 
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^CHARGE 

When implementing a cycling type of 
short-circuit protection, a constraint is 
on the maximum capacitive load for 
which the power supply starts. The ca- 
pacitive load depends on the short-cir- 
cuit current and the threshold voltage at 
which the overwinding back-feeds the 
bias supply. The output rise time of the 
LT1680 must be less than the holdup 
time that the hysteresis and the bias ca- 
pacitor provide. 

You can calculate the start-up time us- 



1 OUTPUT RISE - 

C OUT x V THRgSHOLD 



^SHORT I LOAD 



where 
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approximately 400 msec. You can pro- | 
duce shorter turn-on delays by Figure 2 
reducing the value of the bias ca- 
pacitor or increasing the bias current. If 
you increase the bias current, you must 
scale the transistors according to their 
power-dissipation ratings. 

Figure 2a shows the bias -capacitor 
voltage and the output of the forward- 
converter voltage during turn-on. When 
the bias capacitor charges to the turn-on 
threshold voltage of 12V set by IC,, the 
output turns on and the bias capacitor's 
voltage dips to 11.5V, which is the level 
that the overwinding sets. Figure 2b 
shows the bias capacitor and output volt- 
age in cycling mode during a short-cir- 
cuit fault. IC, sets the constant current, 
which charges the bias capacitor to the 
turn-on threshold, and IC 2 starts up. 
However, the overwinding generates no 
voltage because of the short at the out- 
put. And because IC 2 's quiescent current 
is greater than the charge current, the 
bias capacitor discharges. Discharging 
the bias capacitor to less than the UVLO 
threshold shuts down IC r This charging 
and discharging cycle repeats until you 
remove the fault. 

You can calculate the restart time us- 
ing the following equation, where V RUN 
equals the turn-on threshold set by 
RUN/SHDN: 
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The output turns on when the bias capacitor reaches 3.2V (a). During a short-circuit fault, the bias 
capacitor continually charges and discharges until you remove the fault (b). 



^THRESHOLD ~ 
^ULVO X V OUT 



V CC 

You can calculate the hold-up time 
using: 



where I is the current necessary to 
start up IC r The start-up time must be 
less than the hold-up time for the power 
supply to start. (DI #2414) 



^HOLDUP 



RUN VlJVlo) 
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Analog multiplier works over large frequency range 

Hubert Houtman, Consultant, Blaine, WA 



Schottky-diode DOUBLE-balanced 
mixers are common elements in 
analog and digital telecommuni 
cations circuits that operate j 
at radio and microwave fre- Figure 2 
quencies. Transistor analog 
multipliers, such as log-antilog, 
MOS, and variable-transconduc- 
tance types, are usually limited to 
frequencies of much less than 1 
GHz. In the circuit in Figure 1, 
an MBD301 hot-carrier Schot- 
tky-diode bridge forms the core 
of a four-quadrant analog multi- 
plier and, therefore, can operate 
over a much larger frequency 
range than can transistor analog 
multipliers. This highly sensitive 
double-balanced modulator pro- 
vides a high-quality output with 
low spurious-response level. Us- 
ing the proper high-frequency 
circuit and IC techniques, you 



can use this type of circuit for digital and 
analog communications, radar, product 
detection, AGC circuits, and phase de- 




A quarter-squares multiplier test pattern on an X-Y oscillo- 
scope illustrates good linearity and balanced behavior in 
all four quadrants. (Horizontal = Input A at 10 mV/div; ver- 
tical = V om at 20 raV/div.) 



tectors in the radio and microwave 
bands. 

Like many double-balanced mixers 
and analog multipliers, this circuit has 
an amplifier, the MAX4223, for the IF. 
This differential amplifier is the only 
essential amplifier in the circuit; the 
MAX4224s are two 10-dB amplifier 
stages. If you use a balun transformer 
with a center-tap-grounded secondary 
in place of the dual AD8056, inputs A 
and B can be radio or microwave fre- 
quencies. With the input amplifiers 
shown, however, the frequency range 
for Input A is limited to about 100 
MHz. You can use fast transistor am- 
plifiers for the input and the output 
amplifiers to achieve system band- 
widths greater than 1 GHz. You can 
also use a fast buffer amplifier — such 
as the MAX4405, which has a 75H out- 
put — at Input B for improved port iso- 
lation. 



Figure T 




(IN) 6B0 



NOTE: ALTHOUGH NOT SHOWN, ALL OP AMPS HAVE MANUFACTURER-RECOMMENDED DECOUPLING CAPACITORS. 



An MBO301 hot-carrier Schottky-diode bridge forms the core of a four-quadrant analog multiplier that performs continuous computations of the prod- 
uct of arbitrary input signals A and B. 
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This four-quadrant analog multiplier 
is a quarter-squares multiplier based on 
the identity: 

(A+B)*-(A-B)*=4AB. 

The MAX4223 differential amplifier, 
which has a 1-GHz bandwidth, registers 
(A + B) 2 from the left bridge while sub- 
tracting (A-B) 2 from the right bridge to 
form the product: 

V OUT =AB/K, 
where the constant, K, is 12 
raV. You can add the carri- 
er at the differential ampli- 
fier's input for amplitude mod- 
ulation as necessary. 

The differential output 
across the 1-kft resistor of each 
diode bridge is a precisely sym- 
metric, even function of the 
voltage across it: A + B for the 
left bridge and A— B for the 
right bridge. Consequently, the 
bridge's V contains only 



from the transistors, thereby improving 
system bandwidth. 

Without this bias-current network, the 
bridge requires an approximately 5-Mft 
load resistor for parabolic behavior. This 
value precludes this design's use in high- 
frequency circuits because the currents 
are extremely small and the time con- 
stants are very long when you connect 
the bridge to an amplifier input of a few 




even terms of the combined 
Taylor series due to the four 
diode currents. The constant 
terms cancel out because the 
MAX4223 subtracts the bridge 
outputs, so the dominant term 
is the square term. Higher or- 
der even terms do not con- 
tribute, provided that inputs A 
and B stay at less than approx- 
imately 150 mV. For large in- 
puts, each bridge behaves as a 
full-wave rectifier; the diodes 
become forward-biased with 
resistance smaller than the 
1-kfl load, and the parabolic 
branches ultimately degenerate 
into straight lines that the load 
resistor dominates. Therefore, 
the multiplier is unusable with 
such large inputs. 

The circuit includes a bal- 
anced, double current-mirror 
network that supplies the diode 
bridge with four bias currents. 
A single 1-kft potentiometer 
controls the current, and four 
3.9-kft resistors accurately dis- 
tribute equal, balanced cur- 
rents to the two bridges while 
preventing crosstalk between 
the bridges. These four resistors 
also isolate the diode bridges 



(a) 



|V^ji^||iij;||||i||ili| 



VERTICAL SCALE=50 mV/DIV 
HORIZONTAL SCALE=100 mSEC/DIV 



TRACE 


DESCRIPTION 


A 


MULTIPLIER OUTPUT WITH A 12-mV, 20-kHz 
SQUARE-WAVE CARRIER AT INPUT B 


B 


MULTIPLIER OUTPUT WITH A 12-mV, 20-kHz 
SINE-WAVE CARRIER AT INPUT B 


C 


2-kHz SINE-WAVE-MODULATION SIGNAL AT 
INPUT A 




VERTICAL SCALE=10V/DIV 



TRACE 


HORIZONTAL SCALE 


DESCRIPTION 


A 


500 NSEC/DIV 


MULTIPLIER OUTPUT WITH A 
10-MHz SIGNAL AT INPUT B 


B 


500 NSEC/DIV 


MULTIPLIER OUTPUT WITH A 
25-MHz SIGNAL AT INPUT B 
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500 NSEC/DIV 


MULTIPLIER OUTPUT WITH A 
120-MHz SIGNAL AT INPUT B 


D 


5 NSEC/DIV 


TRACE C WITH AN EXPANDED 



NOTE: 

INPUT A IS A 600-kHz SINE-WAVE-MODULATION SIGNAL. 



picofarads. With the 1-kfl load for the 
bridge and no bias network, the bridge 
output has a pronounced flat bottom 
around the origin. Fortunately, with the 
bias current of 1.08 mA in each 3.9-kfl 
resistor, the Schottky diodes become for- 
ward-biased into partial conduction with 
340 mV for each path, and the bridge 
yields an accurate and symmetric square- 
law output with a low source resistance. 

You can use one such bridge 
with the differential amplifier 
as a fast squarer for frequency- 
doubling and square-law de- 
tection, for example. With 
slightly more current, you can 
make the load resistor as little 
as 50ft. 

The multiplier test pattern 
in Figure 2 results from a 5- 
kHz sine wave on both Input A 
and the horizontal input and 
a 20-kHz square wave from a 
100ft source set at 0-, 6-, 12-, 
1 8-, and 24-mV amplitude lev- 
els at Input B. Over this range 
of inputs, this multiple expo- 
sure shows that the analog 
multiplier exhibits linear be- 
havior with errors of less than 
1% of full scale. In Figure 3a, 
Trace A shows a double-side- 
band, suppressed-carrier out- 
put resulting from a —28 dBm, 
20-kHz square-wave carrier, 
and Trace B results from a 20- 
kHz sine-wave carrier. Trace C 
shows the 2-kHz modulation 
signal on Input A. Figure 3b 
shows double-sideband sup- 
pressed-carrier output signals 
at Input B frequencies of 10 
MHz (Trace A), 25 MHz 
(Trace B), and 120 MHz (Trace 
C) using a 600-kHz sine-wave 
modulator at Input A . Trace D 
shows that same signal as Trace 
C but at 5 nsec/division, to 
show that the rise time of the 
multiplier in this breadboard 
version is just a few nanosec- 
onds. (DI #2413) 



Example multiplier outputs include a double-sideband suppressed-car- 
rier with a 20-kHz square-wave carrier at Input B (a) and outputs with 
input frequencies as large as 120 MHz (b). 
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5V logic pulser is battery-powered 

W Stephen Woodward, University of North Carolina, Chapel Hill, NC 



A BATTERY-POWERED, PUSHBUTTON- 
triggered TTL/CMOS-compatible 
source of debounced 5V logic puls- 
es is a simple but handy piece of test 
equipment to have in any tool kit (Figure 
1). The circuit's battery-powered opera- 
tion complicates what would otherwise 
be a trivial exercise in switch-bounce and 
timing-circuit design. The convenient 
use of battery power simultaneously im- 
poses two requirements: near- zero qui- 
escent-current draw and input-varia- 
tion-tolerant voltage regulation. A near- 
zero quiescent-current draw minimizes 
the likelihood that you will encounter a 
dead battery when you need to use the 
logic pulser, and input-variation-tolerant 
voltage regulation accommodates the in- 
evitable voltage droop as the battery ages 
and traverses its service-life curve from 
fresh to flat. 

Of course, the unglamorous on/off 
switch is a traditional and serviceable 
way to fulfill the first requirement. Un- 
fortunately, the effectiveness of an on/off 
switch depends directly, and regrettably, 
on whether you remember to use it. Ne- 
glecting proper and timely operation of 
on/off switches may result in battery 
damage. Thus, a key feature of the logic 
pulser in Figure 1 is a satisfactory battery 
life without dependence upon a separate, 



manual on/off switch. 

The trick to this design feature is the 
use of a single NO spst momentary-con- 
tact pushbutton switch to control both 
the trigger logic and the voltage regula- 
tor. In the quiescent state, S, is open, 
which leaves the ground-reference pin of 
the 78L05 regulator floating and causes 
the regulator's output voltage to saturate 
about IV less than the input voltage from 
the battery. The circuit applies the re- 
sulting 7 to 8V to the V D pin of the 
74C04 and, via R 5 , to the debounce time- 
out circuit comprising R 6 , R,, and C. 

In this state, the 74C04 typically con- 
sumes less than 1 (jlA and is the only 
power demand on the battery. The regu- 
lator is floating and consumes no pow- 
er, despite its normally multimilliamp 
quiescent current. This low power im- 
plies a battery-life expectancy that is lim- 
ited only by the self-discharge character- 
istics, or shelf life, of the battery. This 
expectancy is typically 10 years for alka- 
line and much longer for lithium. Mean- 
while, the fact that the circuit applies V nD 
to the output gates of IC ia and IC IC while 
the steady state of timing circuit R 2 , R 3 , 
R 4 , and C, applies a logic 1 to the inputs 
of these gates ensures a solid low-im- 
pedance logic low at the pulser's output. 

When you push the trigger button, the 



sequence of events begins with the 
grounding of the regulator's reference 
pin and the consequent regulation — in- 
dependent of battery voltage— of the 
74C04's V UD to 5V. Simultaneously, 
grounding one end of R 6 starts the dis- 
charge of C r The resulting approximate 
20-msec delay provides adequate time 
for reliable debounce of the pushbutton, 
thus preventing the possibility of spuri- 
ous multiple pulses in response to a sin- 
gle button press. 

When IC ]E 's input ramps to the ap- 
proximate 2.5V CMOS logic threshold, 
the positive feedback around the IC 1£ - 
IC m pair via C, causes the circuit to pres- 
ent a clean logic transition to the C 2 /R 3 
differentiator. The R„ R 3 , and C 2 network 
combines with the IC 1F -IC 1A regenerative 
pair to convert the resulting edge into a 
single, pristine, 100-{jLsec pulse. The par- 
allel IC 1B -IC !C pair then inverts and 
buffers this pulse to the output. Follow- 
ing the pulse, the circuit output returns 
to a stable 0V level; the output remains 
low until you release the pushbutton, 
which readies the trigger circuit for an- 
other cycle. (DI #2412) 
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20-mSEC DEBOUNCE 5V " 
OV ' 



100 
uSEC 



NOTES: 

QUIESCENT BATTERY DRAIN «1 ,iA. 
NO POWER SWITCH NECESSARY. 
IC, fl TO ICi F =V 5 74C04 OR CD4069B. 



OUTPUT PULSE 
IMPEDANCE-150n -± 



I 



This battery-powered debounced pulse generator conserves battery life without using an on/off power switch. 



204 edn I September 16, 1999 



www.cdnmag.com 



